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1. Introduction. Aqueous extracts from shavings of wood™ of twelve 
different kinds, as well as from Japanese tea,"?) have already been used with 
success by Prof. P.P. von Weimarn for producing red dispersoidal solutions 
of gold. Recently, A.M. Janek by applying aqueous extracts from tobacco 
obtained red dispersoidal gold solutions.” 

seing convinced a priori that also fresh leaves would prove successful, 
Prof. P.P. von Weimarn suggested the author to test experimentally the 
synthesis of red dispersoidal gold solutions by means of aqueous extracts 
from fresh leaves of the following trees: cherry, pine, maple, bamboo, and 
camellia. 

2. Method Employed. 10 Gr. freshly collected leaves, washed 
thoroughly, and cut to pieces, were immersed in 100¢.c. boiling distilled 
water, and were allowed to boil for 10 minutes. The extract was then 
filtered from leaves through filter No. 602 e.h. Shleicher and Schuell, and 
was used immediately after filtration. 

The object of my investigation being the obtaining of red solutions with 
the highest degree of dispersity possible, I followed, in carrying out the 
experiments, the rules established by Prof. P.P. von Weimarn, and described 
in his papers, ‘‘ Studien iiber dispersoide Synthese des Goldes.”™ 

All my experiments, therefore, were carried out as follows : to 500 c.c. 
of vigorously boiling® common distilled water contained in a one-litre beaker 
of ordinary glass, were added, as rapidly as possible, (by dumping) succes- 
sively: 10c.c. 0.1% gold-salt solution (1 gr. AuCl,H-4H,0 in 1 litre of 
common distilled water), and 10 ¢.c. aqueous extract from leaves of the 
selected plant. The mixture was allowed to continue boiling until, through 





(1) P.P. von Weimarn, Reports of the Imperial Industrial Research Institute, Osaka, 3, No. 10 
(January 1923), p. 45. 

(2) P.P. von Weimarn, ‘ Kolloides und kristalloides Lésen und Niederschlagen,’’ Kyoto, (192! ), 
p. 409. 

(3) A.M. Janek, Kolloid Z., 41 (1927), 242. 

(4) P.P. von Weimarn, Kolloid Z., 33 (1923), 74 & 228; 36 (1925), 1; 39 (1926), 166 & 278. 
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5) Under the conditions of my experiments, 10 minutes’ time was required for attaining a 
, 1 


vigorous boiling of 500 c.c. water. 
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evaporation, it became reduced to half of the original volume (i.e. approxima- 
tely, to 260 c.c.). The results of the experiments are perfectly reproducible 
on condition that all the manipulations in experimenting are exactly the 
same. ‘Time intervals necessary to produce the appearance of colour, or its 
change, coincide in the experiments repeated. 

3. Experiments with Aqueous Extracts from Leaves of a Cherry- 
tree. The extraction was made from very young leaves of a Japanese 
cherry-tree; the extract obtained being yellow. The following table 
illustrates the course of changes in colour of the reacting mixture : 


Time indications by the clock: Colour of the reacting mixture: 


10 hrs. 49 min. (The moment of pouring the 
gold-salt solution, and the extract, into the Almost colourless. 
vigorously boiling water). 


| 10 hrs. 49 min. 3 sec. Pink. 

| Red (between 29 and 33, according to 
10 hrs. 53 min. the standard given by Wilhelm Ost- 

wald)(2) 

ll hrs.15 min. (The solution has evaporated Red of stronger intensity, with a violet 

to half of its former volume). tinge (between 33 and 38). 


The solution was kept in a hermetically stoppered vessel, and, after the 
lapse of two weeks, the red colour (between 33 and 38) of the solution had 
suffered no appreciable change ; at the bottom of the vessel only traces of a 
precipitate were perceptible, under the form of several small flakes. 

4. Experiments with an Aqueous Extract from Pine-needles. The 
extract was of a bluish colour, with a whitish opalescence (turbidity). The 
course of changes in colour of the reacting mixture is demonstrated in the 


following table : 





Time indications by the clock: Colour of the reacting mixture: 


10 hrs. 21 min. (The moment of pouring the 
gold-salt solution, and the extract, into the Almost colourless. 
vigorously boiling water). 


10 hrs. 21 min. 3 see. Light-red. 
10 hrs. 21 min. 30 see. Red (between 29 and 33). 


10 hrs. 44 min. (The solution has evaporated 
} 


b > A more intense red. (33). 
to half of its original volume). on 





A gradual intensifying of the violet tinge with the increase in concen- 
tration of gold in the solution, takes place here also, though to a lesser 


(1) Wilhelm Ostwald “ Die Farbenfibel ’’, 10 Ed. (1924), p. 19. 
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degree than in the case of cherry-tree. The solution was kept in a hermeti- 
cally stoppered vessel, and after the lapse of two weeks, the red colour (33) 
of the solution had suffered no appreciable change; no precipitate was 
observed. 

5. Experiments with an Aqueous Extract from Leaves of a Maple. 
Very young leaves of a Japanese maple tree were taken for the preparation 
of an extract which possessed a red colouring (29 according to Wilhelm 
Ostwald’s standards). The course of changes in colour of the reacting 
mixture may be observed in the following table : 





Time indications by the clock: Colour of the reacting mixture: 
Il hrs. 10 min. (The moment of pouring the 
pouriny 
gold salt solution, and the extract, into the | Almost colourless. 
vigorously boiling water). 


11 hrs. 10 min. 2 sec. Pink. 
| 11 hrs. 11 min. Red (33) 


11 hrs. 30 min. Violet (between 38 and 42) 





11 hrs. 32 min. Violet (42) 


11 hrs. 34 min. (The solution has evaporated Violet (46) 
to half of its original volume). - 


The solution was kept in a hermetically stoppered vessel, and after the 
lapse of two weeks, the solution was of a blue colour (between 46 and 50) ; 
and a bluish-white precipitate had formed at the bottom. 

6. Experiments with an Aqueous Extract from Bamboo Leaves. 
When observed in greater depth the extract from leaves of a bamboo was of 
a light-brown colour, while in a thin layer it appeared olive. The course of 
changes in colour of the reacting mixture is clearly seen in the following 
table: ; 


Time indications by the clock: Colour of the reacting mixture: 
Lhr. 38min. (The moment of pouring the 


gold-salt solution, and the extract, into the Almost colourless. 
vigorously bi riling water). 


| 
2 
E 


1 hr. 38 min. 5 sec. Light-red with an orange tinge. 

—— an 
1 hr. 45 min. Red (between 29 and 33). 
1 hr. 57 min. (The solution has evaporated A more intense red (between 29 and 
to half of its former volume). 33). 








The solution was kept ina hermetically stoppered vessel, and after the 
lapse of two weeks, the red colour (between 29 and 33) had suffered no 
appreciable change ; no precipitation was observed. 
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7. Experiments with an Aqueous Extract from Leaves of the Camellia. 
An aqueous extract from camellia leaves was of a greenish-yellow colour, 
and possessed a marked opalescence (turbidity.) The course of changes in 
colour of the reacting mixture may be understood from the following table : 


Time indications by the clock: Colour of the reacting mixture: 


11 hrs. 16 min. (The moment of pouring the 
gold-salt solution, and the mixture, into the Almost colourless. 
vigorously boilling water.) 


11 hrs. 16 min. 2 sec. | Pink. 

11 hrs. 16 min. 30 see. Ruby-red (between 25 and 29). 
llhrs.45 min. (The solution has evaported More intensely ruby-red (29). 
to half of its original volume). 


Experiments with the extract from camellia leaves result in a dispersoid- 





al gold solution of the purest and brightest red colour, as compared with 
the red colour of resulting solutions from other extracts experimented upon. 
The solution was kept in a hermetically stoppered vessel, and after the lapse 
of two weeks, the bright red colour of the solution (29) had suffered no 
appreciable change ; no precipitate was observed. 

8. Conclusion. ‘The results of the experiments mentioned above, 
permit one to draw the conclusion that aqueous extracts from fresh leaves 
of plants common to our gardens (e.g. cherry, pine, maple, bamboo, 
camellia) may serve as reagents for producing red dispersoidal solutions of 
gold. Though the red colouring of the solutions just described do not 
acquire in beauty, the brilliant red colour (between 25 and 21) of certain 
dispersoidal gold solutions prepared by the tartrates-method of Prof. P.P. 
von Weimarn,”) the colour of the dispersoidal gold solution obtained by 
means of extract from camellia leaves represents nevertheless a sample of a 
pure ruby-red. 

The investigation was carried out in the Dispersoidological Department 
of the Imperial Industrial Research Institute of Osaka. The author wishes 
to express his cordial thanks to the Head of this Dapartment, Prof. P.P. 





(1) P.P. von Weimarn “Kolloides und kristalloides Lésen und Niederschlagen’’, Kyoto, 
(1921),p.740; Kolloid Z ,36 (1925), 5. Tartaric acid (not the tartrates) had already been used 
(1857) for the preparation of solutions of colloidal gold by M. Faraday, though he failed to 
prepare either red, or any stable colloidal solutions. M. Faraday describes the results of his 
experiments in the following words: “Tartaric acid being added to a weak solution of 
gold gradually reduced it. The amethystine tint produced by diffused particles first 
appeared, and then a blue deposit of larger particles, whilst the side and bottom of the 
glass became covered by an adhering film of finer particles, presenting the perfect ruby 
tint of gold’. Quoted in E. Hatschek’s “The Foundations of Colloid Chemistry ’’ London, 
(1925), p. 82. 
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von Weimarn, under whose kind guidance the present work was performed. 
The author’s best thanks are due to the President of the Imperial Industrial 
Research Institute of Osaka, Dr. Eng. I. Shoji. 
April, 1927. 
Dispersoidological Department of the Imperial Industrial 
Research Institute, Osaka. 
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Introduction. It was described in the previous papers that the 
oxidation velocity of sodium sulphite” or stannous chloride® in alkaline 
solution with air is independent of their concentrations, unless their con- 
centrations are extremely small, and that their velocity constants decrease 
with the increase of the concentration of alkali and coincide with each 
other, when the concentration of sodium hydroxide is greater than about 
0.2 normal under the condition of the previous study. To explain these 
results an assumption was proposed that the velocity of the dissolution of 
oxygen into the solution is smaller than that of the oxidation of these 
compounds. 

If this assumption be correct, the oxidation velocity of the mixture of 
sodium sulphite and stannous chloride in alkaline solution with air can not 
be greater than that of each. The present research was undertaken to 
ascertain this assumption, but the results were not simple; the oxidation of 
the mixture seems to be a kind of induced reaction. 

Method of Observation. Air, washed by an acidic solution of potassium 
dichromate and sodium hydroxide solution, was passed through a mixture 
of stannous chloride and sodium sulphite in sodium hydroxide solution of 
known concentration at the rate of 7.78 litres per hour. 

The total volume was made to 40 c.c. in each case. After ¢ minutes, air 
current was stopped and the total amount of the mixture was poured into a 


known quantity of iodine solution, acidified with hydrochloric acid, and the 
excess of iodine was titrated back with sodium thiosulphate solution. In 





(1) S. Miyamoto, this Journal, 2 (1927), 74. 
(2) S. Miyamoto, this Journal, 2 (1927), 155. 
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the following tables, v is the volume of sodium thiosulphate solution of 
0.0996 normal which is equivalent to the total amount of sodium sulphite 


and stamunous chloride; k was calculated by k = ; (%—v), Vv) being the 


value of v at ¢ = 0, and »,,).. was obtained by da. = w—kt, using the mean 
value of k. Initial amounts of sodium sulphite and stannous chloride are 


given by  xa,so,) 8d (sn cr.) 


TABLE 1. 


Temp.=20 C. CnaoH=0.525 normal. Air=7.75 litres per hour. 


























’ ) | | 
YoSnCls) “Na.SOs) t " Veale. k 
Cc. C.c. min, | C.c. C.C. | | 
— _ | } 
| — 0 From Fig. 1 in the previous paper, 220. | 
0 14.42 —_ — | 
10 12.50 12.49 0.192 | 
| 5 7 1A ‘ 
| 15 11.5] 11.52 0.194 
13.89 | 0.53 2 10.52 10.56 0,195 
30 8.69 8.63 0.191 
eee 
| mean: 0.193 | 
| Se Se ee SH 
2 
| U 11.63 os — | 
| 10 9.71 9.73 0.102 
se 20 7.87 7.83 0.188 
10.89 0.74 30 5.93 5.93 0.190 
| | } Se eT } 
| mean: O.1L90 | 
0 13.65 — — 
| | 10 11.63 11.66 0.202 
; 20 9.67 9.67 9.199 } 
| 10.89 | 2.76 30 751 7.68 0.195 
| ————————— 
mean: 0.199 | 
i | 
| 0 16.37 — — | 
} 10 14.26 14.31 0.211 
20 12.13 12.25 0.212 
| 11.61 | 4.76 80 | 10.48 10.19 0.196 
| - | 
mean: 0.206 
| | 
0 14.53 =e = 
10 12.38 12.52 0.215 
7 25 9.61 9.50 0.197 
9.15 5.40 35 7.83 7.49 O.LY0O | 
i 
mean: 0.201 
0 13.08 — — 
10 11.14 11.18 0.194 | 
ze s 20 9.34 9.28 0.187 
(24 0.84 30 7.43 | 7.38 0.188 
| = 7 | ' 
| mean: | 0.190 
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TABLE 1, (Continued.) 


Temp.=20°C. Cy,on = 0.525 normal. Air = 7.78 litres per hour. 
} NaOH 





““SnCl) Voy Na2SO;) t v } Veale. ] 
Gc. Cc. min. C.c. Cc } 
Seite a See 
0 19.41 | — —_ 
10 17.28 } 17.38 0.215 
20 15.41 15.35 0.200 
7.95 11.46 30 13.55 13.32 0.195 
mean: 0.205 
Tt) 26.43 ome _ 
10 24.32 24.38 0.211 
2U 22.26 22.33 0.209 
10,3] 16.12 30 20.58 20.28 0.195 
mean: 0,205 
0 13.18 _— — 
10 11.39 11.41 0.188 
20 G59 9.64 0.180 
4.44 8.74 30 8.27 7.87 0.164 
mean: 0.177 
0 14.57 — 
10 12.82 12.87 O175 
20 11.35 11.17 0.161 
we 10.80 40 7.63 7.77 0.174 
mean: 0,170 
0 22.20 — — 
, — 10 29.96 —- 0.124 
1.26 19.94 20 18.80 — 0.170 
30 16.63 -— O.186 
0 14.87 — — 
10 13.61 — 0.126 
os 13.64 20 11.52 — 0.168 
40 7.49 — 0.185 
0 14.00 ome —_— 
¢ » me 10 12.42 — 0.158 
0.48 13.52 20) 10.73 _— 0.164 
40 6.75 — 0.181 | 
| 
0 — From Fig. 1 in the previous paper, 0,220. | 
} 
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TABLE 2. 


Temp. = 20°C. Cy,on = 0.752 normal. Air = 7.78 litres per hour. 




















| 
} i ‘ 
} “SnCle) %0(Na2SOs) t v Veale. | 
| C.e. C.c. min. C.C. CL. | 
| 
| _ | 
_ 0 From Fig. 1 in the previous paper, 0,199 
| 
—| 
0 12.11 -- — 
10 10.31 10.35 0.180 
15 9.50 9.47 0.174 
11.72 0.39 20 8.59 8.59 0.176 
30 6.91 6.83 0.173 
mean 0.176 
0 13.27 — -- 
10 11.45 11.52 0.182 
20 9.7 9.77 O.175 
11.88 1.39 a ’ 
30) 8.20 8.02 0.169 
mean: 0.175 
0 13.56 — _— 
10 11.72 11.82 0.184 
15 10.94 10.95 0.175 
911 4.45 2) 10.09 10.08 0.175 
0 8.70 $.54 0.162 
mean: 0.174 
0 13.26 — _ 
10 12.28 a 0.105 | 
1.27 11.99 20 10.30 ie 0.148 
30 8.60 —~ 0.155 
0 90.36 -- -—- 
10 19.35 —_ 0.101 
1.14 19.22 20 17.85 ~— 0.126 
30 | 15.54 — 0.161 
0 | 14.97 — ~ 
10 18.50 — 0.147 
0.50 14.47 20 11.59 — 0.169 
3) 10.11 _ 


From Fig. 1 in the previous pape 


r, 





0.199. 


Soeeeasmeennn 


rr ere 
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PABLE 3. 


Temp. = 20°C. Cygoy = 1.092 normal. Air = 7.78 litres per hour. 
Vosncl.) Vo NasSOg) l ef Veale. k 
C.C. c.Cc. rnin. Cc.C. c.c. 
— 0 From Fig. | in the previous paper, 0.164 
0 13.50 -— 
10 12.10 12.08 0.140 
20 10.54 10.66 0.148 
12.37 1.15 30 9.24 9.24 0.142 
10 7.96 7.82 0.139 
mean: 0.142 
0 12.80 — _— 
10 11.42 11.42 0.138 
20 9.93 2 
8.34 4.46 ; 3 10.02 | 0.144 | 
30 8.78 8.63 0.134 
- | 
se - mean : 0.139 
e | 
i 0 11.52 _ — 
15 9.45 9.54 0.138 
25 8.27 8.3% O.1: 
2348 8.04 ) 7 8.32 130 
40 6.36 6.24 0.129 
mean: 0.132 
0 14.79 — ~ 
10 13.64 -- O.115 
1.46 13.33 20 12.15 a 0.132 
30 10.84 — 0.132 
0 20.88 
10 19.68 — 0.120 
¢ ‘ 
1.39 19.49 20 18.04 Pe 0.142 
30 16.75 — 0.138 
0 14.02 — 
10 12.85 — 0.117 
1.09 12.95 20 L152 _ 0.125 
30 10.21 _ 0.124 
0 — From Fig. | in the previous paper, 0.164 


As is seen in tables 1, 2 and 3, the results are complex. When the 
initial concentration of stannous chloride is not small, the oxidation velocity 
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of the mixture is independent of their concentrations, and is rather smaller 
than that of sodium sulphite or stannous chloride in alkaline solution. 
When the initial concentration of stannous chloride is small, the oxidation 
of the mixture takes place slowly first and inereases with time. 

The author has an opinion to explain these results by the transference 
of active states quite the same way as induced reaction,” but the theoretical 
discussion is left for the later study. 


Summary. 


1. The oxidation velocity of the mixture of sodium sulphite and 
stannous chloride in alkaline solution with air was studied. 

2. When the initial concentration of stannous chloride is not small, 
the oxidation velocity is independent of their concentrations and is smaller 
than that of each. 

3. When the initial concentration of stannous chloride is small, the 
oxidation of the mixture takes place at a slow rate first, and increases with 
time. 

The Institute of Physical and Chemical Research, 
Hongo, Tokyo. 
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1. Specific Fluidity of Liquid Carbon dioxide. I’. Phillips deter- 
mined the viscosity of carbon dioxide at several temperatures under high 
pressures. Calculating the specific fluidity %, from his data and plotting it 
against the specific surface V\*, every point falls almost on a straight line as 
will be seen from Fig. 1. In the table below, the observed values of specific 
Huidity are compared with those calculated from the equation™ 

D, = K, (Vio — By). cree eeeeeeceteeeeeee cece ceeeees (1). 
where K, = 3060, B, = 0.669. 


(1) 5S. Miyam ito, Scientific Papers of the Institute of Physical and Chemical Reserch, 4 (1920), 


One 
a. 


(2) P. Phillips, /'roc. Roy. Soe., (A), 87, (1912), 48. 
(3) Cf Part I of this paper, this journal, 2 (1927), 161. 
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TABLE 1. 


Liquid Carbon dioxide. 























20° C. 32° C. 
$,x10-1 @; x 10-3, 
| >, |, i Pe Pressure tne : 
Atm. | Observed | Calculated Atm. Observed. Calculated. 
| 83 114.4 111 120 117.3 124 
io . 112 124.1 128 
| an | = rae 104 131.3 133 
59 131.4 131 93 143.5 144 
= Se Sane nee 87 151.5 154 
84 157.2 161 
80° C. 80 164.4 172 
i 76 196.3 197 
] 4 . *)* _— = " ~ . = 
| 105 120.3 123 35° O. 
104 125.6 127 - anual . — 
96 316 34 114.5 131.4 135 
‘ ented ', 109 137.1 | 140 
90 150.8 139 96 151.2 156 
82 151.1 148 8 — ae 
85 187.6 184 
80 157.7 152 wes 
76 166.2 162 40° C. 
74 176.2 168 112 155.3 155 
73 181.5 . 172 108 163.0 161 
72 187.6 180 rd ae ons 




















O Philips 
© Warburg & v. Babo 
| 
sl 
| Tempera ture 
of ——- 4. —— 
Fig. 1: —Volume Relation for Liquid Fig. 2:—Orthobaric Specific. Fluidity of 


Carbon dioxide, Liquid Carbon dioxide, 
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The specific fluidity for orthobaric volume” was found from equation 
(1) and, plotting it against the temperature, a full curve shown in Fig. 2 
was obtained. The two observed (at 20° and 30°) and one estimated value 
(at critical point 31.°35) of P. Phillips, shown by circles, fall almost on the 
curve. 

The viscosity of carbon dioxide under orthobaric state were early 
determined by Warburg and y. Babo.) Using their data, we have the 
dotted lines shown in Figs. 1 and 2. A remarkable discrepancy between the 
observed values of respective authors may probably be due to difference of 
specimen employed. 

2. Comparison of Volume and Temperature Relations of Molecular 
Fluidity. In part Il of this paper we obtained as a relation between 
molecular volume V and molecular fluidity @: 


le RE ec TP hi ss enieneesccecncrsecencenecssetasta (2). 
where K and B are constants, and as its relution to temperature T: 
5 
@ me Due C (Tya TZ). corescersserescccsevecesssossces (3). 


were 9, and T, are critical and C an arbitrary constant. The same form of 
relations hold also with specific fluidity. 

(A). Putting ? = 0 in equation (3), we have the temperature ¢,, where 
viscosity becomes infinity. This temperature ¢, is found to be very near the 
freezing point ‘, for many substances except a few. (see Table 2, column 2 
and 3). Exact agreement between calculated and observed freezing point 
can not be expected, since ¢, is to be a solidifying temperature of a substance, 
regarding it as quite isotropic. 


(B). 7, is almost equal to = of the critical temperature T,, both being 
7 


measured in absolute scale. (see Table 2, column 4). 

(C). The term Pin equation (2) represents the molecular volume when 
viscosity becomes infinity. Therefore, this should be the molecular yolume 
V’, at the temperature ¢,. In order to compute the density at the temperature 
t, the rule of Cailletet and Mathias modified by S. Yuung™ was used, The 
agreement between Band J, is very satisfactory, the difference being all far 
less than 1%, as will be seen from the columns 5 and 6 in Table 2. 

(D). The critical value of molecular fluidity @,, in equation (3) is 
compared with 9,, found from equation (2) by putting critical volume in it. 
(see Table 2, columns 7 and 8). The agreement between two sorts of ®, is 


(1) Amagat, Compt. rend., 114 (1892) 1093. 

(2) Warburg & y. Babo, Wied. Ann., 17 (1882), 590. 

(3) loe. cit. 

(4) S. Young, Sei. Proc. Roy. Dublin Soc., 12 (1€0)—1910), 374. 
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satisfactory, if it be taken into account that the magnitude of these quantities 
is remarkably effected by a slight change in the values of other constants. 


TABLE 2. 











Substance. tr ts = B Vs diy | er 
Ti | 

Pentane. «++ ++ + + «| —1308 —122.4 | 0.321 955 95.0 796 795 
Isopentane. - + - + + «+ «| —158.05 | —121.2 | 0.330 96.1 95.5 790 | 890 
Hexane.. . 2-2 22esce|= 043 —105.2 0.33 112.6 111.6 710 | 703 
Heptane. --- +++ - -|— 90.0 — 89.6 | 0.340 129.9 129.1 674 660 
Pe 5 sé a we es @ op ee ORS — 71.9) 0.353 | 147.9 147.3 637 613 
Methyl-formate. - - + + -|— 99.75 | —114.1 0.326 52.0 51.7 745 730 
Ethyl-formate.. - - - +» -|— 805 — 96.6 | 0.347 69.6 70.0 699 695 
Propyl-formate. + ++ + - . — 77.9 | 0.363 86.8 85.5 651 619 
Methyl-acetate. - - +. +|— 98.05 | — 94.8 | 0.351 68.9 68.7 760 742 
Ethyl-acetate. - - ++ + +|— 83.4 — 83.7 | 0.362 86.1 86.0 675 674 
Propyl-acetate. +--+ +++: 7. — 66.6 | 0.376 104.2 104.0 644 630 
Methyl-propionate. + + - . — 88.5 | 0.348 85.0 84.5 684 669 
Ethyl-propionate. . - + -|— 73.9 — 75.4 | 0.362 | 102.9 102.4 638 628 
Methyl-butyrate. -.- - * — 70.7 | 0.365 | 102.7 102.5 631 624 
Methyl-isobutyrate. . + - - 76.7 | 0.363 | 102.9 102.4 634 624 
Ethyl-ether. - -. . . + -|—116.2 —123.6 | 0,320 85.7 85.3 797 791 
Carbon-tetrachloride. - -|— 22.95 | — 53.3 | 0.395 88.9 88.6 459 471 
ia 6 6 8 ss eo 8 5.484 |— 50.0| 0.3897 | 82.2 81.9 737 757 
Fluorobenzene. «+--+ +|— 41.2 — 68.6 0355 85.5 85.0 648 647 
Chlorobenzene. - - +. -|— 45 — 67.9 0.325 94.1 93.7 611 601 
Acetic acid. - - +. +++ -16.67 | — 40.6) 0.391 (0.900) (0.898)| (2428) | (2291) 
Bromine. - +--+ + ++/— 7.3 — 914) 0.316 (0.287) (0.239)| (2027) | (2273) 





Note: —Numbers in brackets represent the quantities referred to one gram, 

(E) ‘The comparison of the two sorts of relations, (2) and (3), was done 
over a wide range of temperature. The result for ethyl ether is given in 
Fig. 3, as an example, where the 





following numerical equations” al- 
ready obtained have been used. 
@, = 33.8 (V*— 85.69%)........-. (4). 
P= 791.0 ~250 (193.8—t).*---(5). 
Equation (4) is given in full line and 
equation (5) in dotted. The agree- 





ment between the two is generally good, 
except near the critical tempereture. 
In this region errors of calculation be- 

Salata comes very large, since the term 
iri (7, — TS) in equation (3) becomes very 





Fig. 3:—Comparison of Volume and Tem- = small and volume in equation (2) 
perature Relations with Ethyl ether. , : 
changes rapidly. 








(1) Part LL. of this paper cited above. 





200 T. Titani. 


3. Relation between Orthobaric Volume and Temperature. At low 
temperatures the orthonaric volume of liquid increases slowly with rise of 
temperature, but at higher temperatures the rate of increase becomes greater. 
For the purpose of calculation an algebraic expression is usually employed, 
the number of terms increasing with the range of temperature. 

Eliminating the term of molecular fluidity @ from the two equations (2) 
and (3) cited above, we have 


where V is molecular volume and A a constant.” 


Similarly, for specific volume V,: 
4 8 —— 
V, = Vi,.— A, (T,— T) Lt oe eee werent eeeeerereseserens (7). 


TABLE 3. 
Chlorobenzene. 



































y3 V 
eC 4d + 4 
Obs. Cale. | 
0 au 99.72 99.61 | = 
10 — 2 100.7 100.7 0 
20 -—4 101.7 | 101.6 - 1 
30 — 2 102.7. | 102.5 — 2 
40 — 1 103.7 | 103.6 | nh fi 
50 0 104.7 | 104.7 | 0 
60 - | 105.8 | 105.8 | 0 
70 0 105.9 | 106.9 | 0 
| 80 0 108.0 | 1080 | 0 
90 + 1 109.1 | 1002 | +41 
100 + 3 110.4 110.5 + 1 
110 + 3 111.6 111.9 + 3 
120 + 1 112.9 1132 | +3 
130 + 2 114.4 114.5 + | 
140 43 115.7 | 115.9 +2 
| 150 + 4 117.1 117.4 + 3 
| 160 t 4 118.7 119.0 | + 3 
170 + 6 120.2 | 120.7 | + 5 
180 + 6 122.0 | 122.4 +4 
190 + 6 123.7 | 124.3 + 6 
200 + 7 125.6 126.2 + 6 
210 + 6 127.7 128.0 | +3 
220 25.62 25.69 - 7 129.7 | 130.2 | » § 
230 25.93 25.98 t 5 132.1 | 1324 + 3 
240 25.26 26.30 + 4 134.7 | 134.9 + 2 
250 | 26.61 26.65 +4 137.3 1376 | +83 
260 27.01 } 27.01 0 140.3 140.4 + 1 
270 | 27.42 | 27.40 - 2 143.5 143.4 -1 
329.2 31.29 =| 31.01 —28 175.0 172.7 —23 
348.8 34.57 | 33.84 —73 203.3 196.8 65 
} 358.8 40.29 39.58 —71 255.7 249.1 } —66 
359.2 45.60 | 45,82 22 307.9 | 310.2 | +23 
(critical) 
C C 


(1) A= a and A; = — 
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These relations were 
found to hold with good 
accuracy over a wide range 


of temperature, except near 





the critical point. As an 
example, the result for chloro- 


benzene is given in Fig. 4 
£ g 





and Table 3. For calculation 


the following numerical 








equation was used. 





eo 


v' =310.2°~—7.50 (359.2—1)*. 


Fig. 4:—Rule (6) for Chlorobenzene. 


It will be seen from the above table, that the agreement between 
observed and calculated values is very good up to near the critical tempera- 
ture, where a deviation of about 1 to 3% appears. If suitable correction 
terms be added, the relation would give a very satisfactory result. This 
relation suggests the means of calculating the density of liquid and vapour 
respectively, if it be employed together with the rule of Cailletet and Mathias 
expressing the sum of two density as a function of temperature. 


Summary. 


1. The volume relation of molecular or specific fluidity holds good 
even when the viscosity changes remarkably with pressure. 
2. The volume and temperature relations give results which agree well 
with each other in all respects. 
3. From the two sorts of relations concerning the viscosity, the follow- 
ing equation was obtained, 
j i , me 
V, —-V = A(T,—T). 
which was found to hold with good accuracy. 
In conclusion, the writer wishes to express his cordial thanks to 
Prof. M. Katayama for his kind guidance. 
May, 1927. 
The Institute of Physical and Chemical Research, 
Hongo, Tokyo. 
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ACTION DU NITROMETHANE ET DE SES HOMOLOGUES 
SUR LE BENZILE.'” 


Par Itizo KASIWAGI. 
Lecu le 15 avril 1927. Publié le 28 juillet 1927. 


Les composés basiques des métals alealins jouent un rdle trés important 
en chimie organique, et on se rend compte de la diversité des réactions, en 
étudiant leur action sur Je benzile. Avec les alcalis, le benzile agit de 
deux facgons. L’une est la réaction connue sous le nom de transformation 
benzilique sous |’ action des alcalis caustiques, des alcoolates, de l’amidure 
de sodium” etc., et qu’on peut formuler comme ci-dessous : 
CoH, /OH 
C,H,“  \COOH 
Beunzile Acide benzilique 


C,H; CO'CO'C,H, > (I) 


la réaction ne comporte que l’adition d’uno molécule d’eau au benzile sous 
influence de Valcali. L’autre est la scission du benzile entre les deux 
carbonyles sous l’action. p.e. du cyanure de potassium® ou du cyanure 
Whydrogéne en milieu alcoolique,“ et on peut indiquer la réaction comme 
suit : 
C,H; CO'CO'C,H, > C,H; CHO + C,H; COOH (II) 
Benzaldéhyde Acide benzoique 

Cette réaction est aussi l’addition d’une molécule d’eau au benzile, en 
donnant la benzaldéhyde ct l’acide benzoique (ou le benzoate selon la condi- 
tion expérimentale), ct elle a été moins étudiée. 

En outre, la benzaldéhyde se condense facilement avec les autres com- 
posés sous les alcalis, mais la condensation est naturellement une réaction 
fonctionelle des groupes carbonyles. 

L’action du ditrométhane et de ses homologues sodés est un peu plus 
compliquée que les réactions précédentes. Ces corps sodés se seraient com- 
portés avec le benzile en milieu alcoolique ala fagon siimilaire comme avec 
la camphoquinone sodée :“? 

CO 
CH | +CH.=NO.Na 
NCO 


CO foo 
> CHS | ou CsHiK | /CH: NO, 
-CH. NO. WCE I, O, 


Nou 
(1) L’extrait de ce memoire: voir Comptes rerdus de V académie des science, 184 (1927), 37. 
(2) Ce journal, 1 (1926), 66-A. Haller, Conférence, Bull. soe. chim., [4], 31 (1922), 1141. 
(3) Jourdan, Ber., J., 16 (1883), 659. 
(4) Michael et Palmer, Am. Chem. J., 7 (1885-1836), 191. 


(5) Foster et Withers, J. Chem. Soc., 101 (1912), 1331 & 1332. 
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Le nitrométhane sodé @ froid et le nitréthane @ chaud n’ont jamais donné 
la condensation analogue avec le benzile, et, au contraire, ils agissent 
suivant la formule II. La premiére phase de la réaction semble l’addition 
d’une molécule d’alcool sous l’action des corps nitrés sodés : 


Vi Pass 6 ( O.HCO C,H,-CO 
| ,+C,H,OH|> | OH 
CoHy CK | C,H-C 
0C.H, | \O-C.H, 


La deuxiéme parait intéresser l’autre groupe carbonyle du benzile par 
grou; , 
addition d’une molécule des corps sodés, qui réagissent sur lui dépendam- 
ment de leur nature chimique. 
Le nitrométhane semble posséder une affinité si grande pour le sodium, 
que la réaction marche comme ci-dessous: 
C,H,-CO OHO GHENON 
gts ; : 64s-U\ CH=NO,Na 
+CH,=NO,Na > 
‘ ./AOH 
1 /OH C,H,-C wt 
'gH1;-C< ‘ \O C.F I, 
» OF. 1 a = e3e_2 
ae Corps intermédiaire 
Bien que ce corps intermédiaire soit imaginaire, il subit aussit6t un dédouble- 
ment comme I’indique l’équation suivante par migration de l’atome d’hydro- 
gene du groupe hydroxylé attaché au carbone auquel le groupe éthoxylé est 
lié : 


/OH 
C,H,°C< 
4 SCH=NO.Na OH 
\ = 0,H,CO-0-C.H, + C,H, CHZ 
| | | \CH=NO.Na 
OH Y 
O,H,-c& 0,H,-CH =C =NO,Na+H,0 


\o-¢.H; 
En vérité, nous avons obtenu comme produits finals de réaction d’un cdté 
du benzoate d’éthyle en solution alcoodlique, et de Vautre le dépdt d’une 
poudre contenant de lazote et du sodium (les dosage de celui-ci ont donné 
toujours les valeurs entre C;H,.CH(OH).CH=NO,.Na et C,H,.CH=C=NO, 
Na). Cette poudre sodée, dissoute dans de l’eau, et décomposée par un 
acide minéral étendu, a donné naissance au nitro-w-styrol 4 cdté de son 
dérivé hydroxylé: 


OH HO OH 
C.H;-CHZ one imaed 
\CH=NO.Na CH,-NO, 
a a” 
O,H;CH=C=NO,Na _12° | o.4,cH=CH-NO, 


Quant au nitréthane, son affinité pour le sodium parait ¢étre moins 
grande en sorte que son addition a lieu defléremment de son homologue 
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inférieur. Par l’addition le nitréthane serait lié au benzile par l’un des 
atomes d’oxygéne du groupe nitré: 


C,H,-CO C,I oco™ ; : 
Pou CH, CH=NO.Na O'NO =(¢ H:CH, 
C.H,-C¢ ( C,H, a CI LC OH 
i eae *" \O-C.H; 


Corps intermédiaire 
Similairement on trouve du benzoate d’éthyle dans la solution alcoolique, et, 
par consequent, la réaction a dQ étre complété jusqu’au point du dédouble- 
ment de ce produit intermédiaire en benzoate d’éthyle et un corps sodé : 
J ONa 
\O-NO=CH-CH, 


A 
JOH : 
CoHs-O< 6.0.8, 


C,H,-C 





sO, H,-CO0C,H, + CeH,-C (ONa) “SNH =CH-CH, 
\o/ 

Le dernier corps sodé, intermédiaire, avait probablement la constitution ci- 
dessus, car 11 a donné avec un acide minéral de l’acide benzoique, et son eau- 
mére donnait une série de réactions : elle réduit le nitrate d’argent ammoni- 
cal; elle forme avec l’iode l’iodoforme & froid, dont l’odeur est remplacée 
chaud par une odeur désagréable ; elle sent l’acétate d’éthyle quand on l’oxyde 
avec de l’eau oxygénée et qu’on chauffe avec de l’alcool, etc. Il semble 
qu’elle contienne de l’acétaldéhyde (ou bien de V’acéaldoxime), 


C,H,'C (Na NH=CI-CH, > C,H;,COONa + HO'N=CH'CH;. 
O 

Plus haut nous avons étudié les réactions du nitrométhane et du nitré- 
thane sodés sur le benzile, et il est certainement remarquable que le dédouble- 
ment cité a lieu dans tous cas par la migration d’atome d’hydrogene (marqué 
par A dans les formules ci-dessus). 

De plus la méme réaction n’a pas eu lieu au moyen de l’amidure de 
sodium dans un dissolvant inerte (comme dans le benzéne) ni a froid ni a 
chaud, mais il se produit généralement la transformation benzilique. On 
peut maintenant tirer la conclusion que l’addition de l’alcool et la scission du 
benzile soient catalysées par le nitrométhane et le nitréthane sodés. 


Partie expérimentale. 


I. Le nitrométhane sur le benzile. Dans 50c.c. d’alcool absolu on 
dissout 1.1 gr. de sodium métallique, et on ajoute 4 froid 3.1 gr. de nitromé- 





————- 
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thane (dissout dans de l’alcool), qui est sodé tout de suite, en déposant une 
masse blanche. Celle-ci est refroidie au moyen de l’eau glacée. Puis on 
met 10 gr. de benzile (dissout en 50c.c. d’alcool 4 chaud), et l’on secoue 
vigoureusement. La réaction a lieu avec dégagement de chaleur, et les 
réactifs se dissolvent presque entiérement. Aprés quelques minutes la 
solution commence 4 se troubler, en déposant une poudre sodée blanche, que 
Yon laisse dans une glaciére pendant la nuit. On filtre le produit de 
réaction rapidement 4 la trompe 4 eau. On a traité s¢éparémment les deux 
portions ainsi obtenues :— le résldu et le filtrat. 

Traitement du filtrat :—Du filtrat on chasse l’alcool autant que possible 
par la distillation, et on met de l’éther pour faire déposer le corps sodé qui a 
été dissout dans l’alcool et dans le produit liquide. On filtre de nouveau a 
la trompe 4 eau. Ce corps sodé est dissout dans de l’eau glacée et acidifié, 
on donnant une substance cristallisée, fusible 4 110° environ. Elle fond 
aprés recristallisation dans l’eau chaude, 4 119-120", et se trouve étre l’acide 
benzoique par le point de fusion de son mélange avec l’acide pur. La 
quantité de cette portion d’acide obtenu n’a été que 0.1-0.2 gr. 

Aprés avoir chassé le dissolvant on distille le filtrat éthéré sous pression 
réduite, et l’on obtient une huile incolore bouillante 4 100-103’ sous 19 mm. 
Le rendement en huile est 5gr. Cette huile a une odeur caractéristique et 
elle bout 4 211° sous la pression ordinaire (corrigé), et elle ne contient pas 
d’azote. 

Analyse. ‘Trouvé: 

C=72.04, H=6.67. Cale. pour C,H,0,: C=72.00, H=6.67%. 

La valeur analytique et les propriétés de cette huile montrent que c’est 
du benzoate d’éthyle. De plus elle donne de l’acide benzoique quand elle 
soumise a l’hydrolyse par de la potasse alcoolique. 

Traitement du corps sodé :—Le corps sodé que l’on obtient par filtration 
du produit de réaction est une poudre légérement jaune brunatre et 4 odeur 
piquante. Aprés avoir bouilli avec de ]’éther, on filtre la poudre, lave avec 
de l’éther, et on la séche sur une assiette poreuse rapidement, car elle s’altére 
assez vite par exposition 4 l’air humide. Cette poudre contient de l’azote et 
du sodium dont la teneur est trouvée tout de swite apres le lavage @ l’éther 
toujours trés prés de 12.9 pour 100, mais elle va jusqu’a 13.5 pour 100 au bout 
de 24 heures. 

Cette poudre est dissoute dans de l’eau tout de suite aprés le lavage, et 
décomposée a froid par un acide minéral étendu, en donnant un corps 
cristallisé qui est fusible 4 56-57 aprés la recristallisation dans l’aleool. De 
plus ce corps cristallisé a la propriété d’irriter l’épiderme et les muqueuses— 
surtout celles des yeux. Le rendement, 2 gr. 

Analyse. Trouyé: N=9.7. Cale. pour C,H;O.N: N=9.4%. 
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Par les propriétés et l’analyse du corps obtenu on peut admettre du 
nitro-w-styrol, et cela se trouve vérifier par le point de fusion du mélange de 
ce corps avec le nitrostyrol préparé d’aprés la méthode de Johan Thiele."”. 


Le rendement en était toujours pauvre comme on voit en haut. Du fait 
que Veau-mére était fortement troublée, on a pensé a l’existence d’une 
certaine quantité d’un corps peut étre le nitro-styrol. 

Extrait 4 l’éther, on obtient une certaine quantité d’une huile jaune. 
De nouveau, au lieu de faire cristalliser le nitrostyrol du corps sodé, on 
décompose celui-ci sous une couche d’éther par un acide minéral étendu. 
De la solution éthérée on a, par distillation sous 4mm., une huile jaune 
bouillante 4 120-150" (5 gr.), de laquelle on obtient, en outre du nitrostyrol 
fusible 4 56-57°, une huile bouillante 4 140-150° sous 4mm. _ Celle-ci semble 
alcool nitré correspondant, qui devient, par la deshydratation, le nitrostyrol, 
qui se produit en chauffant l’alcool dans un tube a éssai. On y observe de 
Veau condensée au-dessus du tuyau, quand la température monte vers a 120°. 
On a chauffé encore quelque temps a 150°, et le corps devient peu a peu en 
substance fusible 4 56-57’. 

II. Le nitréthane sur le benzile. Le nitréthane n’a pas réagi sur le 
benzile @ froid, mais 4 chaud. On a préparé le nitréthane sodé en dissolvant 
0.6 gr de sodium métallique dans 20 ce. d’aleool absolu et y ajoutant 1.8 gr. 
de nitréthane. Sur le nitréthane sodé ainsi obtenu on verse la solution 
aleoolique de benzile chaude (5 gr.), ct on chauffe pendant 2 jours sur B.M. 
i l’abri de l’aire humide. Au bout de ce temps on voit la solution se colorer 
en brun, et il se dépose une poudre fine au fond du flacon. On sépare la 
poudre de la portion alcoolique comme le nitrométhane sur cette dione. 

Traitement du corps sodé :—La poudre déposée (dosage de sodium: 19.1- 
19.4 pour 100) n’est pas affectée 4 Vair humide autant que celle que l’on 
obtient avec le nitrométhane, et elle donne avec l’eau une solution trouble, 
de laquelle on obtient par l’action d’un acide minéral l’acide benzoique 
(fusible 4 117-119°) qui fond, aprés avoir recristallisé dans l'eau chaude, a 
119-120", et étant mélangé avec un échantillon pur, 4 119-120’. Le poids 
obtenu de ce corps est 2 gr. environ. 

Avant la décomposition de la solution trouble citée plus haut elle devient 
chaire par extraction 4 l’éther en donnant par l’action d’un acide minéral 
lacide benzoique assez pur. (La solution éthérée a laissé, le dissolvant 
étunt chassé, une trace d’huile qui sent le benzoate d’éthyle). Le filtrat de 
l’acide benzoique donne une série de réactions, comme décrites ci-dessus. 

Traitement du filtrat :—En opérant similairement on obtient 4 coté d’une 
petite quantité de poudre sodée (qui donne aussi de l’acide benzoique par 





(!) J. Thiele, Ber., 32 (1899), 1293, 





On the Catalytic Actiou of Japanese Acid Clay upon Cineol. 207 


décomposition) une huile 4 odeur spéciale (2-3 gr. de 5gr. de benzile), qui 
bout a 109-110? sous 30mm. Cette huile a été trouvée étre le benzoate 
d’éthyle par hydrolyse en acide benzoique. 


Résumé. 


1. Le nitrométhane sodé réagit sur le benzile a la fois en le scindant et 
en condensant avec la benzaldéhyde ainsi engendrée, en donnant naissance 
au benzoate d’éthyle et au nitro-w-styrol sodé. 

2. Le nitréthane réagit sur le benzile a la fois le scindant et en oxydant 
la benzaldéhyde engendrée, en donnant naissance au benzoate d’éthyle et a 


lacide benzoique (sous la forme de benzoate de sodium). 
Haute Ecole Polytéchnique de Yokohama. 





ON THE CATALYTIC ACTION OF JAPANESE ACID CLAY 
UPON CINEOL. (STUDIES ON CAMPHOR OILS, VIIL.) 


By Kashichi ONO and Shuei MIYAZAKI. 
Received May 14, 1927. Published July 28, 1927. 


In the previous inyestigation,"’ K. Ono supposed the formation of 
monoterpene such as diperitene as the intermediate product of the reaction 
of Japanese acid clay upon cineol, but he could not isolate it. Afterwards 
K. ONO” confirmed that the Japanese acid clay is a catalyst for dehydration 
of varionos terpene alcohols in the liquid system. 

On the other hand, Wallach and Brass” have shown that cineol changes 
into dipentene in the presence of zine chloride. These facts naturally lead 
us to suppose that the dehydration of cineol would take place in the presence 
of Japanese acid clay. This view was found to be correct from the following 
experiment. 

500 Gr. of cineol (d?=0.9245; n}°=1.4590; [a],=+0) were treated with 
150 gr. of Japanese acid clay (dried at 100°) in a manner analogous to that 
described in the previous communication. After 2 hours (temperature of 
oil bath is 180°), the violent reaction took place and 102 gr. of oily product 
(d?=0.8670 ; n}=1.4720) and 5.24 gr. of water were obtained. 

(I) After removing unchanged cineol with 50% solution of resorcine, 
the product was subjected to steam distillation. 60Gr. of the oily distillate 
after having been dried with anhyd. sodium sulphate was distilled under 
760 mm. 


(1) The Memoirs Coll. Sci. Kyoto Imp. Univ., A, 7 (1924), 360. 
(2) This Journal, 1 (1926), 248: 2 (1927), 16. 
(3) Ann., 225 (1888), 268. 
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| | 
Fraction. Yield. d. Dp 
| 
173—175° B4er, =| Sean (4) | 1.4718 
175—177° 31.4 | 08488 (4) | 1.4720 
177—180° 13.2 | 9,649 (224) 1.4740 
above 180° 5.7 ae —_— | 








The fraction boiling at 175-177’ was analyzed with the following result. 

0.1012 Gr. subst. gave 0.3263 gr. CO, and 0.1092 gr. H,O. (Found, 
C=87.73, H=12.07. CH, requires C=88.15, H=11.85 %). Molecular 
refraction 44.91. C,yH,F, requires 45.24. 

The compound seems, so far as studied, to be identical with dipentene. 
For comfirmation, it was converted into tetrabromoderivative, it melted at 
124.5-125° and was proved to be identical with dipentene-tetrabromide by a 
direct comparison with a pure specimen. 

(II) The part remaining in the reaction flask was extracted with ether. 
On distilling off ether, the residue” was subjected to steam distillation. 
70 Gr. of the oily distillate (dj? = 0.8415 ; n> = 1.4746) were twice redistilled on 
metallic sodium under 767 mm. 














Fraction. Yield des Te 
170—173° 33¢er. | 0.8327 1.4700 
173—175° 41.0 | 0.8376 | 1.4732 
175—177° | 11.3 | 0.8434 | 1.4780 
above 177° 3.7 —— | ao 
| 








From its chemical behaviour the fraction boiling at 173-175° was found 
to consist of p-cymene. In order to remove some terpenic ce pounds, the 
p-cymene fraction was treated with a diluted permanganate s | .ion in cold, 
and then transformed into barium salt of p-cymene-disulphonic acid following 
the direction given by M. Phillips.” 

0.3163 Gr. subst. gave 0.1699 gr. BaSO,. (Found, Ba=31.66. Cy»Hy 
(SO;),Ba requires Ba=31.99 %). 

The residue by the steam distillation was a yellow viscous oil with a 
fluorescence and confirmed to be composed mostly of dipinene™ by distilling 
it. 





(1) The residue did not contain any cineol. 
(2) J. Am. Chem. Soc., 46 (1924), 689. 
(3) O.S. Venable, J. Am. Chem. Soc., 45 (1923), 733. 
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From these experimental results it appears evident that the main portion 
of cineol changes into dipentene, p-cymene and dipinene by the action of 
Japanese acid clay. The formation of p-cymene may be assumed to be 
formed by the decomposition of dipinene. 

(CoH 6)2 > CyrHic + CoH 


dipinene p-cymene Ap-menthene (?) 


Laboratory of Saisei-Shono Kwaisha, Kobe. 





A METHOD OF DETERMINING OF MOLECULAR WEIGHT 
OF ORGANIC SUBSTANCES IN SMALL QUANTITIES 
BY MEANS OF FREEZING POINT DEPRESSION. 


By Bennosuke KUBOTA and Takeo YAMANE. 


Received May 30, 1927. Published July 28, 1927. 


The molecular weight of minute quantities of valuable organic material 
can be determined by one of the two methods described recently by K. 
tast™ and F. Pregl. The Pregl’s method is an improved modification of 
the ordinary ebullioscopic method using a Beckmann’s thermometer, and the 
Rast’s is amazingly simple, using camphor as solvent and an ordinary 
apparatus for the determination of melting point as the means of measure- 
ment. Though both are quite excellent, the utility of the former is dimini- 
shed by the difficulty in the performance of experiments and that of the 
latter is limited not only by the small choice of available solvents, but also 
often by the instability of the substance to be investigated at such a high 
temperature as the melting point of camphor. 

It seemed to us that in spite of some investigators’ examinations, the 
thermo-junction™® and the Beckmann’s thermometer“ had no practical 
use for the micro-cryoscopic purpose, and that the electric resistance thermo- 
meter which was constructed with silver wire® by Mr. T. Ikebe in the 
Institute of Physical and Chemical Rasearch showed such an excellence in 
the determination of the temperature of small quantities of liquid that we 
were induced to attempt molecular weight determinations of organic 
substances in small quantities by the depression of freezing point. 





(1) Ber., 55 (1922), 1051 and 3727. 

(2) “ Die Quantitative Org. Mikroanalyse,’’ 1923. 

(3) Y. Yamaguchi, J. Tokyo Chem. Soc., 37 (1916), 727. 

(4) Drucker, Biol. Zentralblatt., 33 (1913), 99. 

(5) Silver wire was prefered to platinum one because the latter is expensive. 










































ica: naman te 


penance lint 


210 B. Kubota and T. Yamane. 


By means of the apparatus, which is shown in the following figures, a 
molecular weight determination was carried out by introduction of 4 to 
8 mg. of substance into about 1 c¢.c. of solvent. It gave quite satisfactory 
results without disad ontages already mentioned. 

It consists of an inner tube A which serves 
to freeze the solvent and is provided with a stirrer 
of platinum wire connected to a small glass rod. 
A is nicely fitted to the thin walled glass tube B 
which is coiled arround with silver wire of about 
2 meters long and 0.11 m. in diameter, and is 
fixed in the air-jacketing tube C with a frame of 
ebonite. C is held in a Dewar’s vessel containing 
the freezing mixture whose temperature depends 
upon the solvent. 

For the measurement of resistance, the Miiller 
type bridge of Leed and Northrup Co. was used, 
and as the resistance of the thermometer B 
changes with temperature practically in accor- 
dance with the formula R,=R,(1+at), R, and R, 
being resistances in ohms of the silver wire at 9 








and ¢ respectively, the change of its resistance per 
1° was at first determined by two observations at 
0°, the ice-water temperature, and at 8.813, the 
room temperature, as follows : 
R, = 1.2471, Resi; = 1.2956 
FPsu— Ry _ _1.2956-1.2471 _ 9 go55 
8.813 8.813 




















Now as much solvent was weighed in the tube A as its volume was 
enough to cover the whole length of the silver wire coil of the tube B. While 
agitating the solution with the stirrer of platinum wire which moves up and 
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down by the action of a small clectro-magnet and a iron picee, the resistance 
was observed. 

The thermometer changed its resistance gradually and passed a 
maximum and « minimum point just like the reading in the Beckmann’s 
thermometer. The maximum point was naturally taken as the resistance 
at the freezing point of the solvent. 

A was then remoyed, the solyent was again melted and the solid 
substance previously weighed in a small glass tube (abort 20mm. long and 
1.5mm. in diameter) opened in both ends was introduced. When the 
dissolution was complete, the readings of the new value of the resistance 
were taken as before. 

Thus the depression of freezing point Jt was easily calculated as follows: 

Ria Re = Mt 

0.0055 
where R,=resistance at the freezing point of the solvent, R,=resistance at 
the freezing point of the solution, and the molecular weight of the 
substance was found from the usual formula. The results obtained with 
benzene, nitrobenzene and ethylene bromide as solvents are as follows. 


(A). Benzene as solvent. 
Molecular depression = 50.0 M = Molecular weight. 
1. Acctanilide, 0.00404 gr. in 0.734 gr. of benzene. 
R, = 1.26961. R,, = 1.26848. dt = 0.°206 
Cale. M = 135. Found M= 134. 
2. Naphthalene, 0.00705 gr. in 0.761 gr. of benzene. 
R, = 1.26937. R, = 1.26742. dt = 0.°360. 
Cale. M= 128. Found M= 127; 
3. Picric acid, 0.00820 gr. in 0.691 gr. of benzene. 
R, = 1.26892. R,, = 1.26747. dt = 0°.264 
Cale. M = 229. Found M = 225. 
4. Phthalic anhydride, 0.00536 gr. in 0.666 gr. of benzene. 
R, = 1.26980. R, = 1.26831. dt = 0°.271. 
Cale. M= 148. Found M = 148. 


(B) Nitrobenzene as solvent. 
Molecular depression = 70.0. 
1. Acetanilide, 0.464 gr. in 0.884 gr. of nitrobenzene. 
R, = 1.27126. FR, = 1.126973. dt = 0°.278. 
Cale. M = 135. Found M= 182. 
2. Naphthalene, 0.00720 gr. in 0.878 gr. of nitrobeneze. 
fh, = 1.27140. R, = 1.26890. dt = 0°.454. 
Cale. M = 128. Found M= 126. 
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(C). Ethylene bromide as solvent. 
Molecular depression = 118.0. 
As the second apparatus which was used was a little larger than the 
first one and, moreover, the specific gravity of etliylene bromide was com- 
paratively large (2 18), a somewhat large quantitics of the solvent had to be 


taken. The change of resistance per 1° of the thermometer was 0.01507. 
1. Acetanilide, 0.00958 gr. in 2.972 gr. of solvent. 


R, = 4.03145. R,, = 4.02736. 
Cale. M = 135. Found M = 140. 
Naphthlene, 0.01795 gr. in 2.850 gr. of solvent. 
R, = 4.03159. R, = 4.02273. dt = 0°.595 
Cale. M = 128. Found M= 126. 
Diphenyl, 0.01180 gr. in 3.031 gr. of solvent. 
R, = 4.03091. R, = 4.02650. 4t = 0.293 
Cale. M = 154. Found M = 158. 
We wish to express our deepest obligation to Mr. T 


dt = 0°.272 


’. Ikebe for his 


kindness in constructing the apparatus for us and also our best thanks to 
Dr. N. Watanabe and Mr. 8. Sugimoto, in the Department of Commerce and 
Industry, for his kindness in placing the resistance bridge to our disposal. 
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